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$\text{ _{ } _{}-}\Delta|_{\mathrm{C}_{0}}-(R^{3}\backslash \mathrm{t}(x,0,0)\})\text{ }$
$-\Delta|_{\mathrm{c}_{0}}-(\mathrm{R}^{3}\backslash \{(\chi,0,0)\})^{\text{ } }$
(\S 4)
: $\psi(x)=q(X_{1})\otimes\delta(x2’ x_{3}),$ $x=(x_{14,4},)$, $\delta$ 2 \rightarrow -
$q(x_{1}):\mathrm{R}arrow \mathrm{C}$
1) $\epsilon>1,$ $M>0$ $|q(x)1|\leq M(x_{1}\rangle-\epsilon,$ $(\langle x\rangle=\sqrt{1+|4^{2}}\mathrm{I}$
2) $\hat{q}$ ( $Fq$ ) $C^{1}$ $\hat{\mathrm{q}}(0)\neq 0$
$\psi\in H^{-2}(\mathrm{R}^{3})$ (\S 3 )
$0$
: $Dom(H_{\omega})=\{u\in H^{2}(K);(u,\psi)=0\}$, $H_{\mathit{0}\mathit{0}}=-\Delta$ .
$-\mathrm{c}\backslash H^{m}(\mathrm{G})t\mathrm{h}$G-A $\emptyset\otimes\ovalbox{\tt\small REJECT} m\text{ }$ ‘ $j\mathrm{f}\backslash \text{ }$ $\mathrm{I}\mathrm{i}7_{\mathrm{B}}*7_{\text{ }}$ $(_{\text{ }}$ $)$ $\#\mathrm{h}\mathrm{L}(\mathrm{R}^{3})\text{ }\hslash \text{ }$ $(H^{2}\text{ }H^{-2}\text{ }$
$\overline{\pi}\text{ }\mathrm{A}^{\circ}$ $|\mathrm{J}\nearrow F\backslash )$ $\text{ _{ }}$ $Rl\mathrm{h}|^{\ni}\ovalbox{\tt\small REJECT} l\not\in H\text{ }*Rarrow*\mathrm{f}_{\mathrm{R}}3\#\mathrm{h}$ ..
$[Ran(H_{\mathrm{o}}0\pm i)\mathrm{r}=L.h$ . $[R_{0}(\pm i)\psi]$
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$H_{0}=(-4_{\mathrm{c}_{\mathrm{O}^{-}}}\mathrm{p}^{3})\mathrm{I}^{-}$ (- ) , $R_{0}(z)=(H_{0}-z)^{-}:1H^{\mathrm{s}}(\mathrm{R}^{3}-)arrow H^{S+2}(\mathrm{R})- 3$ ..
$(1,1)$ $H_{00}$




: $D_{\circ}\mu H_{e}$ ) $=\{v+C.[R(i)\psi-eiaR_{0}(-i)\psi];v\in D\circ m(H_{\infty}),$ $C\in-c\}$,
$H_{\theta}(v+c[R(i)_{\psi}-\cdot e^{\partial}R)(0-i)\psi])=H_{\mathrm{m}^{\mathcal{V}}}+i_{C}[R_{)}(i)_{\psi+}eR_{0}(i\theta-i)_{\psi}]$.
$H_{0}$ $\theta=0$ Point
interaction – $\mathrm{G}\mathrm{H}\mathrm{M}$ $\mathrm{K}\mathrm{s}\mathrm{J}$ 1
– $\mathrm{L}.$’ Kuroda-
Naeatani $s\mathrm{u}Dp\psi=K\text{ }\mathrm{M}=0(\mathrm{R}^{3}$
) $H_{\theta}\text{ _{}-}\Delta|\mathrm{C}\overline{0}\mathrm{t}^{\mathrm{R}\backslash K}3$ )
$\circ$ \S $3\text{ _{}-}\Delta|_{\mathrm{c}_{0}}- \mathfrak{l}^{\mathrm{R}^{3}\backslash K}$ )
$H^{-2}(R^{3})$ H, $u\in D_{\circ m}(H_{\theta})$
$H_{\theta}u=-\omega+\mathrm{A}^{-1}(-i)((H_{\epsilon}+i)u,R(0i)\psi)\psi$
A $(z)=(-i+\lambda_{\theta})|R\mathrm{o}(i)\psi||2+(z+i\mathrm{X}R_{0}(z\mathrm{I}\psi, R\mathrm{o}(i)\psi),$ $|\{|=(,\cdot\cdot \mathrm{I}’$ $\lambda_{\theta}=COC(\frac{\theta}{2}1$
$(H_{\mathit{0}}-Z)^{-1}=R(z)-A_{\theta}-1(z)(R(\mathrm{o}z)\cdot,\psi)R(z)\psi$



















(1) $\mathrm{A}(\lambda\pm i\mathrm{o}):=\lim_{0e\downarrow}A(\theta\lambda\pm i\epsilon)=\frac{1}{4\pi}arrow \mathrm{I}d\xi 1^{\cdot}|q(\wedge\xi 1)\infty|^{\mathrm{Z}}\{\lambda r\mathrm{a}n^{-\rceil}(\theta\frac{1}{\xi_{\rceil}^{2}}1+\frac{1}{2}\mathit{1}_{\mathfrak{B}}(\xi_{\rceil}^{4}+1)$
$-\mathit{1}og|\xi^{2}1-\lambda 1\pm i\pi\chi\{|\xi_{1}|\leq r\lambda\}(\xi_{\rceil}\mathrm{I}\}$,




$ImA_{\theta}( \lambda\pm \mathrm{D})=\pm\frac{1}{4}-J\int d\overline{\lambda}\xi_{1}\psi^{\wedge}(\xi_{1})|^{2}$
$\hat{q}(\mathrm{O})\neq 0$ $(\lambda\pm D)\neq 0$ [K] –
$\mathrm{F}_{\pm}$
: $F_{\pm}:=FW_{\pm}^{\cdot}$
: $\varphi_{\pm}(_{X,\xi}):=e.-(\mathrm{i}\xi x2\pi)^{\frac{- 3}{2}-1}A(\theta|\xi 12i\mp 0)_{\hat{\Psi}}\overline{(\xi)}[R\text{ }(|\xi|^{2}\overline{+}i\mathrm{o})\psi](_{X})$
$=e^{i\xi\cdot x}- \frac{1}{2\sqrt{2\pi}}A_{\theta(\overline{+}}-\rceil|\xi|^{2}\mathrm{D}\rangle\overline{q(\xi 1)}\int_{arrow}dy\iota^{\frac{e^{\mp_{l}1}\xi 1\mathrm{b}- \mathrm{y}1\mathfrak{q}1}{\mathrm{b}-y_{1}e_{\rceil}1}q}\alpha(y_{1})$ , $e_{1}:=(10,0)$
(1) $(F_{\pm^{u}} \mathrm{X}\xi)=(2\pi)^{\frac{-3}{2}}\int dx\overline{\varphi\pm(x,\xi)}u(x)$ $u\in \mathrm{C}_{0()}^{rightarrow}R^{3},$ .
(2) $(-\Delta_{X}-|\xi|^{2})\varphi_{\pm}(x,\xi)=-(2\pi)^{\frac{-3}{2}}A_{\theta}-1(|\xi|^{2}\mp i0)\hat{\psi}(\xi)\psi(x)$ in $D’(R^{3})$ .
171
\mbox{\boldmath $\varphi$}\pm (X, $\xi$) $F_{\pm}$ $\xi\neq 0_{f}$ $x\not\in SUM^{q\mathrm{X}}\{(\mathrm{o},0)\}$
$(-\Delta_{x}-|\xi|^{2})\varphi_{\pm}(X,\xi)=0$
$\varphi_{\pm}(x,$ $\xi)$ $H,\text{ }\mathrm{E}^{2}$ –




$u\in \mathrm{o}\mathrm{e}(\mathrm{R}^{3}\backslash \{0\})$ , $r>0,$ $\omega\in S^{2}$ ’
$FSFu(*r \omega)=u(\gamma\zeta D. )-\pi irA^{-1}.(\theta.Y+.i20.)-...\hat{\psi}(r\omega)\int_{\mathit{2},\mathrm{s}}d\omega’\overline{\hat{\psi}(r\omega’..)}4\gamma\omega’)$ .
: $F(\omega,\omega’;\gamma)=\pi A^{-}\theta 1(^{2}’+i0)\hat{\psi}(\Gamma\omega)\overline{\hat{\psi}(\gamma\omega’)}$




$. \chi-\frac{1}{4\pi^{2}}\mathrm{r}(\omega\omega_{\chi}\xi fj|\xi|)\frac{e^{i|\xi 1||}x}{|\chi|}+\mathrm{o}(\frac{1}{|x|^{2}}1$
$S_{r}$





(3) $q(x_{1})$ $F(\omega_{f}\omega’i\gamma)=F(_{-}\omega’,-\omega i^{r)}\cdot$
(3) time reversal invariance $\omega’$
\mbox{\boldmath $\omega$} -\mbox{\boldmath $\omega$} -\mbox{\boldmath $\omega$}’
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$\sigma_{\iota a}(\gamma,\omega)$
: $\sigma_{k*}(r,\omega).\cdot=\int_{S^{2}}d\omega’4\pi^{2}|\mathrm{r}(\omega’,\omega j\gamma \mathrm{t}^{2}$
\mbox{\boldmath $\omega$}
: $\omega=(\omega\omega-\rceil\prime 2’\omega_{3})\in s^{2}$
$\sigma_{ia}(r,\omega)=\frac{\pi 1q\wedge(\gamma\omega_{\rceil}\lambda^{2}}{2r|A(e\gamma+i2\mathrm{o}1^{2}}\int_{\mathrm{b}\mathrm{t}1\leq 1}d\xi 1|\hat{q}(\xi_{\iota}\iota^{\mathrm{z}}$
ei\xi X \mbox{\boldmath $\varphi$},(x,\xi )
Ikebe ( [I 1] )
$H=-\Delta+q(x)$ in $L_{2}(\mathrm{R}^{3})$ , $q(x)=o(\mathrm{b}\mathrm{r}2-e)$ $(\epsilon>0)$, $|\chi|arrow\infty$
1) $\varphi_{\pm}(x,\xi)$ :
$\varphi_{\pm}(X, \xi)=e^{i}-\xi\cdot x\frac{1}{4\pi}$ $\int_{3,\mathrm{R}}\frac{e^{\mp i\mathrm{I}\oint\triangleright-\mathrm{d}}}{|X-y|}q(y)\varphi\pm(y,\xi \mathrm{I}dy$
$\varphi_{\pm}(X_{f}\xi)-e^{i\xi\cdot x}\in\{v\in \mathrm{c}(\mathrm{R}^{3})i^{\eta}(x)arrow 0$ $| \ointarrow\infty\}$
–
2) $\varphi_{\pm}(x,\xi)$ –
3) $F_{\pm}u(\xi):=\iota.i.m(2\pi)^{-\text{ }}$ $\mathrm{I}^{d}y\overline{\varphi_{\pm}(yf\xi}\mathrm{M}y)$




$FSF^{*}u( \xi)=u(\xi \mathrm{I}-i\int_{S^{2}}d\omega’\mathrm{E}\mathrm{r}(\omega,\omega’j\mathrm{E})u\mathrm{u}\xi \mathrm{b}’)$
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K\mbox{\boldmath $\pi$} a [K]
$H=-\Delta+q(X)$ in $L_{2}(\mathrm{R}^{3})$ , $q(x)=o(\mathrm{b}\mathrm{r}^{2-}\epsilon 1$ $(\epsilon>0).$’ $|x|arrow\infty$
1) W Enss
2) $F_{\pm}=$ \mbox{\boldmath $\sigma$} -- $F_{\pm}$




$\psi(x)=x_{\iota \mathrm{J}}-2,2(x_{1})\otimes\delta(X_{2},\chi_{3})$ , $\hat{\psi}(\xi)=2(2\pi)\frac{3}{2}\frac{Si\mathit{1}\mathrm{i}^{2\xi_{1}})}{\xi_{1}}’\xi=(\xi_{1f}\xi 2’\xi 3)$,
$\mathrm{A}(|\#^{2}\pm n)=\frac{1}{2\pi^{2}}\int d\etaarrow\infty\{\frac{si\dot{n}(2\eta)}{\eta}\}^{2}\{\lambda \mathrm{t}\mathrm{a}n^{-\rceil}(\epsilon\frac{1}{\eta^{2}})+\frac{1}{2}\mathit{1}og(\eta^{4}+])-\mathit{1}og|\eta-2|\xi|^{2}|\}$
$\frac{i}{2\pi}\int_{\dashv \mathrm{d}}^{11}\xi d\eta\{_{\frac{s\mathit{1}\mathrm{n}(2\eta)}{\eta}}\}^{2}$,
$\varphi_{+}(X_{f}\xi)=e^{i}-\xi\cdot X2A^{1(\mathrm{I}}\epsilon-|\# 2-i\mathrm{o}\frac{Siq_{2)}\xi\}}{\xi_{1}}\int_{- 2}dy^{\frac{e^{-\iota}\mathrm{I}4|_{x}-\Re^{\ell\gamma}|}{4\pi|x-y_{1}e_{1}|}}21$
$\varphi_{+}(x,$ $\sqrt{E}e_{3})$,
.
$e_{3}=(0,0_{f}1)$ , $x=(x_{1},x_{2f}X_{3}\mathrm{I}[]^{}.\text{ }\lambda_{e’ 4},$ $E,$ $a$











































\S 3. $-\Delta|_{\mathrm{c}_{0}}-(\mathrm{R}^{3}\text{ }\kappa)$
$H_{\theta}\text{ }-\Delta|_{\mathrm{c}_{\overline{0}}}\theta^{3}\backslash \mathrm{t}(x,0,0)1)$
$-\Delta|_{\mathrm{C}_{0}}-(\mathrm{R}n\backslash \kappa)^{\text{ }}\grave{\mathrm{b}}\pi \text{ _{ }\mathrm{B}}\mathrm{y}\text{ }\mathrm{A}\mathrm{l}\text{ }$
(1) $K=\{0\}$ $-\Delta|_{\mathrm{c}_{\overline{0}}()}\mathrm{R}\hslash\backslash K$ : $\Leftrightarrow$ $n\geq 4$ .
(2) Kuroda (1996): $K\subset \mathrm{R}^{n}$ ;
$\{u\in H^{-2}(\mathrm{R}^{\hslash})jSu\text{ }$ $u\subset K\}=\{0\}\Rightarrow$
$-\Delta|_{\mathrm{c}_{\overline{0}}}(\mathrm{R}^{\sim}\backslash K).$:
(3) Svendsen (1981 [S]): $A$ $C^{\infty}-$ $K$
$codimK\geq]$ $\mathrm{C}^{\infty}-$
$A|_{\mathrm{c}_{0}^{-}()}\mathrm{R}^{n}$
$A|_{\mathrm{c}_{0}^{-(}}\mathrm{R}n\backslash \kappa)$ : $\Leftrightarrow$ codim $K\geq 2ordA$ ,
$ordA$ $A$
$-\Delta|_{\mathrm{c}_{0}^{\sim}}(\mathrm{R}^{\hslash}\backslash K)$ : $\Leftrightarrow$ codim $K\geq 4$
$-\Delta|_{\mathrm{c}_{0}}-(\mathrm{R}n\backslash K)^{\text{ } }$ K\subset Rn; $\mathrm{M}=0$
(R“ )
: $H^{-2}(K):=\{u\in H^{-2}(\mathrm{R}^{n})jsupru\subset K\}$
$H^{-2}(K)\neq\{0\}$ $H^{-2}(K)$






: $[Ran(^{-}\tau\pm i)]^{\perp}=R_{0}(\pm i)H-2(K)$ .
$\text{ }\overline{T}$ :
(1) $U:=(-T-i)(-)\mathrm{r}+i-1$ ( $T$ ) : . $\cdot$
(2) $U_{1}$ : $R_{0}(i)H^{-2}(K)arrow R_{0}(-i)H^{-2}(K)$,
(3) $V:=U\oplus \mathrm{U}_{\iota}$ : $L2(\mathrm{R}^{\hslash})arrow \mathrm{L}_{2}(\mathrm{R}^{n})$ ,
(4) $H:=i(1+V\mathrm{X}^{]}-V)^{-1}$ $\text{ }T$
$K=SuPp\psi f\psi=q(x_{1})\otimes\delta(\chi_{2}, x_{3})$ \S 1 $H_{\theta}$
$V$
: $\psi_{\iota^{=}}\mathrm{q}\psi f||\psi_{\mathrm{I}}||_{-2}=1$ $c_{0}$ $\psi_{1}$ $\psi_{2},$ $\psi_{3},\cdots$
$\{\psi_{j}\}_{\mathfrak{j}}$ $H^{-2}(K)\text{ _{ }}$
.
$\{,R_{0}(\pm i)\psi j\}:\#\mathrm{h}R_{0}(\pm i)H^{-z}(K)$
$H^{-2}(K)\text{ }(\cdot, )$-2
:. $H_{\theta}$ $T$ $V$
Ran$(T-+i)$ $(\overline{T}+i)u|\Rightarrow(-T-i)u$,
$[Ran(^{-}\mathrm{r}+i)]=\perp R_{0}(i)H^{2}-(K)$
$R_{0}(i)\psi 1\mathrm{I}\Rightarrow e^{i\theta}R(0-i)\psi_{1}$ , $R_{0}(i)\psi_{j}\ovalbox{\tt\small REJECT}\mapsto R(0-i)\psi j’(j\geq 2)$
H
$Dom(H_{0})=\overline{L.h.}[u,R_{0}(i)R(0-i)\psi_{j}$ ; $j=2_{f}3_{ff}\ldots u\in\overline{\mathrm{q}^{\infty}(\mathrm{R}\backslash K)_{\vee}3}(\mathrm{R}3)]H^{2}$,
Ran$(H_{0}0\pm i)=Rar\{-T\pm i)\oplus\overline{Lh.}[R(\mathrm{o}i\pm)\psi j^{f}j=2\cdot,.3,\cdots]$
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\S .4. $-\Delta \mathrm{k}_{(}\mathrm{R}^{3}\text{ }\mathrm{t}^{(}\eta.0,0)\})$
$\mathrm{R}^{3}$ K
$=\{.(x_{\rceil},\mathrm{o},\mathrm{o})\}\text{ }-\Delta|_{\mathrm{C}_{\overline{0}}}:(\mathrm{R}^{3}\backslash \mathrm{t}(x_{\iota J}0,0)1)$
$\overline{T},$
$H^{-2}(K)$
: (1) $Dom(^{-}T)=\{u\in H^{2}(\mathrm{R}^{3})ju(X0\mathrm{l}" 0)=0\},$ $\tau_{u}=-\Delta u-f$
(2) $H^{-2}(K)=\{\iota \mathrm{t}(X_{1})\otimes\delta(x_{\mathrm{Z}^{f}3}X)i^{\iota}k\in H^{-1}(\mathrm{R})\}$
$H^{2}(\mathrm{R}^{3})\subset \mathrm{c}(\mathrm{R}^{3})$ (2)
$[R_{\Omega n}(^{-}\tau\pm i)]^{1}=\{R_{0}(\pm i)(u\otimes\delta 0)_{f}.u0\in H^{-1}(\mathrm{R})\}$
$\text{ }\hat{H}^{-1}\text{ }$
: $\hat{H}^{-1}\text{ }H^{-\uparrow(\mathrm{R}}$ ) $\text{ }$
$( \iota_{4\prime}v)_{-1}0:=\frac{1}{4\pi}\int d\eta t\mathrm{a}n(\mathrm{r}\infty-\mathrm{t}\frac{1}{\eta^{2}}1\hat{u}(0\eta\overline{)\hat{v}_{0}(\eta)}$
$|l4|_{1}- \sqrt{(u_{0’ 0}u)_{-}1}=\sim|\iota 4||_{H^{- \mathrm{t}}}=(\int d\eta\{\eta)^{-2}|\hat{u}0(\eta 1^{2}f$
: $U_{3}$ : $\hat{H}^{-}arrow\rceil\hat{H}^{-}1$, $\dot{\text{ }}$











:. $f(\eta jz):=\mathit{1}og(t+i)-log(\eta 2-Z)f$ $(log^{]}=0)$ $\lambda>0$




: $\{\lambda_{n}\}_{n=1}^{\alpha},$ $(\lambda_{n}>0)$ $-\lambda_{n}$ $(n=1,2_{f}\cdots)$
H $U_{3}$
$\varphi_{n}(\eta):=\mathrm{r}^{-1}(C_{n}x_{(1}n-1.n)(\eta)$, $n\in \mathrm{Z}$ , $c_{n}$ $>0\ovalbox{\tt\small REJECT}\mathrm{h}1\varphi_{n}|\lfloor\rceil=1$




$\Gamma Lh[\varphi_{n}jn=1_{f}2,\cdots])^{\perp}\supset L.h-[\varphi_{n}jn=0,-1,-\mathrm{z}_{\mathrm{z}}\cdots]$ ,
$\Gamma Lh[\psi_{n}jn=1_{\dot{f}}2, \cdots])\perp\supset\overline{L.h}[\varphi" jn=0_{f}-1_{f}-2,\cdots]$
$\text{ }\ddot{\mathrm{B}}\mathrm{a}$
$\text{ }\varphi_{l}-$ $(l=1_{ff}2\cdots)$ $\{\varphi_{n},\varphi_{l}-\}_{;=}^{\infty}" 1$ $\hat{H}^{-\rceil}$
$\psi_{l}-$









: $\psi\in H^{-}2(\mathrm{R}^{3}),\hat{\psi}^{\text{ }\mathrm{C}^{1}}-$ $\hat{\psi}_{f}\nabla_{\mathrm{V}^{r}}^{\wedge}$
\S 1 $H_{00}$
$Dom(H_{\infty})=\{u\in H^{2}(P);(_{u\psi};)=0\}$ , $H_{\omega}=-\Delta$ .
$H_{00}$ \theta \in [0,2\mbox{\boldmath $\pi$}) $:-$











: $\delta$ 3 $a_{1},$ $a_{2}\in \mathrm{R}^{3},$ $a\neq 1a2$
$\psi=\delta(x-\mathrm{q})-\delta(x-\%\mathrm{I}$ $\theta$
$\lambda_{\theta}$ \theta
$[]^{}.X \backslash :\text{ }H_{\theta}\hslash\backslash \cdot\ovalbox{\tt\small REJECT} \text{ }\mathrm{f}\mathrm{f}\llcorner \text{ }.\supset \mathrm{O}\text{ }t\mathrm{h}\frac{1}{\mathrm{b}-a_{1}1}.-\frac{1}{|x-a_{2}|}\text{ }\circ$
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: $\lambda>0,$ $\theta\in(0,2\pi)$ $\alpha:=(\lambda-i)-(\lambda$. $+i)e^{\partial},$ $\beta:=(1+i\lambda)--(1-i\lambda)ei\theta$




(2) \psi $=q(x_{1})\otimes\delta(4,x_{3})\text{ }\mathrm{A}(\lambda\pm \mathfrak{v})=0\text{ }$
: $L>0,$ $x\in C^{\infty}0(\mathrm{R})_{f}\chi\neq 0_{\mathrm{z}}SuPP\chi\subset\{|\xi_{1}|\geq L\}$ $0<\lambda<L^{2}$
$\psi:=(\mathrm{r}_{\xi_{1}}^{-1}x)(x_{1})\otimes\delta(X_{2}x_{3})$, $\theta$ (2)
\theta $H_{\theta}$ \mbox{\boldmath $\lambda$} $\text{ }-\Delta|\mathrm{c}\sim(0\{\mathrm{R}^{3}\backslash \mathrm{t}x\uparrow’ 0,0)1)$
\psi X
: $\mathrm{R}^{3}$ \psi : $=\delta(\mathrm{k}|-a),$ $(a>0$)$\text{ }$ $\delta$ 1
l, $m$ $a=\sqrt{2}m,$ $\lambda=\frac{\pi^{2}}{a^{2}}\iota^{2}\text{ }$ \theta (2).
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